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US 8,342,046 B2

1
ENVIRONMENTAL TEST APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional application of the parent
application, U.S. patent application Ser. No. 11/9355,158, filed
on Dec. 12, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an environmental test
apparatus including a tank which accommodates a sample
under a state where a constant temperature of inside gas 1s
maintained.

2. Description of Related Art

JP-A-20035-121256 discloses an apparatus which executes
tests including a test for checking operation condition of an
clectronic component under an environment where tempera-
ture and other conditions have been set at predetermined
values. The apparatus shown 1n JP-A-2005-121256 includes
a tank for accommodating a sample. The tank has a heating
unit such as a heater, and the temperature of gas inside the
tank 1s set at a predetermined value by appropriate control of
the heating unit.

According to this type of apparatus, the gas temperature
becomes excessively high when the gas 1n the tank 1s exces-
stvely heated. In this case, it may be difficult to maintain the
gas temperature at the predetermined set value. For example,
when an operation test 1s carried out for a sample which 1s an
clectronic component, heat 1s released from the electronic
component. When a sample which generates heat 1s tested as
in this case, positive cooling of the interior of the tank may be
required.

When the tank 1s cooled from the outside of the tank, for
example, gas existing around the inner surface of the tank 1s
mitially cooled. When the gas temperature reaches the dew
point, moistures 1n the gas condense and adhere to the inner
surface of the tank. In this case, the heat robbed from the gas
by cooling 1s supplemented by condensation. Thus, the effect
of cooling 1s difficult to reach the inside of the tank in some
cases. Particularly when the tank has a multi-layer structure
as 1n the structure disclosed 1n JP-A-2005-121256, only lim-
ited circulation of the gas occurs, and therefore the entire gas
1s Turther difficult to be cooled. When cooling the gas in the
tank 1s difficult, excessive temperature increase of the gas
inside the tank cannot be reduced. In this case, such a condi-
tion 1s possible where the temperature of the gas cannot be
appropriately maintained at the set value.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide an environmental
test apparatus capable of easily maintaining the temperature
of gas iside a tank which has a multi-layer structure for
accommodating a sample.

An environmental test apparatus provided according to an
aspect of the mvention includes: a first tank (as a first tank
unit) which selectively switches between state where inside
gas 1s sealed and state where the nside gas 1s opened to the
outside; a second tank (as a second tank unit or passage unit)
disposed within the first tank to accommodate a sample; a
heater which heats gas inside the second tank; a heater con-
troller which controls the heater such that the temperature of
the gas inside the second tank becomes a set temperature; a
humidifier which contains humidifying water and heats and
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2

evaporates the humidifying water to humidify the gas inside
the second tank:; a humidifier controller which controls the
humidifier to heat the humidifying water to a temperature
lower than the set temperature such that the humidity of the
gas inside the second tank becomes a set humidity; and a heat
conducting member made of material having higher thermal
conductivity than that of gas inside the first or second tank, the
heat conducting member being disposed such that one end of
the heat conducting member 1s positioned in the gas inside the
first or second tank and the other end 1s positioned 1n the
humidifying water contained 1n the humidifier.

According to this aspect of the invention, heat shifts from
the gas mside the first or second tank toward the humidifying
water through the heat conducting member made of material
having thermal conductivity higher than that of the gas. Thus,
the gas inside the first and second tanks can be efficiently
cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

Other and further objects, features and advantages of the
invention will appear more fully from the following descrip-
tion taken 1n connection with the accompanying drawings in
which:

FIG. 1 illustrates an 1nside structure including a part of a
cross section of an environmental test apparatus according to
an embodiment of the invention; and

FIG. 2 1s a cross-sectional view taken along a line II-1I 1n

FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 1s a cross-sectional view of an environmental test
apparatus 1 according to a preferred embodiment of the
invention. The environmental test apparatus 1 has a test cham-
ber 100 and a controller 150. The controller 150 controls the
test environment such as the temperature of gas inside the test
chamber 100. The controller 150 functions as either of a
heater controller or humidifier controller of this invention.

The test chamber 100 has a multi-layer structure which
combines an outer tank 103, a first inner tank 101, and a
second 1nner tank 102 such that one tank fits inside another
tank. These tanks are disposed in the order of the outer tank
103, the first inner tank 101, and the second inner tank 102
from the outside to the imnside of the test chamber 100. The first
and second 1nner tank 101 function as a first and second tank
of this mvention, respectively. The first inner tank 101 1s
accommodated 1n the outer tank 103, and the second inner
tank 102 1s accommodated 1n the first inner tank 101. A space
1s produced between the outer tank 103 and the first inner tank
101, and a cooling unit 142 1s equipped 1n this space.

The first inner tank 101 1s open to the leftin FIG. 1. A cover
104 1s provided on this opening. The cover 104 1s supported
by the first mner tank 101 via a not-shown opening and
closing mechanism such that the close condition and the open
condition can be selected. FIG. 1 shows the condition of the
closed cover 104, 1n which state the interior of the first inner
tank 101 1s sealed. The opening and closing mechanism 1s
constructed such that the sealed condition inside the first
inner tank 101 can be maintained even when the pressure of
the gas inside the first mner tank 101 1s changed from the
atmospheric pressure, and designed such that the user of the
test chamber 100 can manually open and close the cover 104.
According to the environmental test 1n this embodiment, 1t 1s
assumed that the mside of the test chamber 100 1s maintained
at a pressure extremely higher than the atmospheric pressure.
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The second 1nner tank 102 is open to the left in FIG. 1. A
through hole 102a penetrating through the second inner tank
102 in the left-right direction 1s formed at the right end of the
second mner tank 102. A sample table 1026 1s provided
within the second 1nner tank 102.

A heater 141 1s equipped 1n a space between the first inner
tank 101 and the second inner tank 102 on the right side of the
through hole 1024 1n FIG. 1. A ventilation fan 131 1s disposed
on the right side of the heater 141. A rotation shaft of the
ventilation fan 131 1s fixed to a drniving shaft of a driving
motor 132. When the driving motor 132 1s actuated, the fan
131 starts rotation and generates airtlow toward the left. Thus,
airtlow 1n the direction indicated by white arrows 1n FI1G. 1 1s
generated within the first inner tank 101 and the second 1nner
tank 102. This airflow introduces gas heated by the heater 141
through the through hole 1024 1nto the second 1nner tank 102,
thereby circulating gas inside the first inner tank 101 and the
second inner tank 102. Both the heater 141 and the driving

motor 132 are connected with the controller 150. The con-
troller 150 switches ON/OFF condition of the heater 141, and

controls actuation of the driving motor 132.

A humidifier 143 1s equipped at a lower position of the first
inner tank 101. The humidifier 143 1s fixed on the i1nner
bottom surface of the first inner tank 101, and stores humaidi-
tying water W. The humidifier 143 has a heater 144, and a
heating area of the heater 144 1s soaked in the humidifying
water W of the humidifier 143. When the heater 144 1s actu-
ated, the humidifying water W 1s heated. The changed tem-
perature of the humidifying water W changes the humidity
inside the test chamber 100. The heater 144 1s connected with
the controller 150. The controller 150 switches ON/OFF con-
dition of the heater 144. The controller 150 thus adjusts the
humidity of the gas inside the test chamber 100 to a predeter-
mined value.

A dry-bulb temperature sensor 121 and a wet-bulb tem-
perature sensor 122 are provided in the test chamber 100.
Both the dry-bulb temperature sensor 121 and the wet-bulb
temperature sensor 122 are disposed inside the second inner
tank 102. The dry-bulb temperature sensor 121 and the wet-
bulb temperature sensor 122 are connected with the controller
150, and s1gnals indicating temperatures detected at detecting
portion of these sensors 121 and 122 are transmitted to the
controller 150. The controller 150 calculates the temperature
and humidity of the gas 1inside the inner tank 102 based on the
signals received from the dry-bulb temperature sensors 121
and the wet-bulb temperature sensor 122. A water tempera-
ture sensor 123 1s also provided for the humidifying water W.
The temperature detected by the water temperature sensor
123 i1s chiefly used for the control of the heater 144 for
humidity adjustment.

By using the structure discussed above, the controller 150
calculates the temperature and humidity of the gas inside the
second 1nner tank 102, and controls the heaters 141 and 144
and the driving motor 132 such that the temperature and
humidity of the gas inside the second inner tank 102 become
set temperature and set humaidity established beforehand
based on the calculated results. By this control, the gas inside
the second inner tank 102 1s maintained under predetermined
environment corresponding to the set temperature and set
humidity. Then, test for a sample S placed on the sample table
1025 1s carried out under the predetermined environment. For
example, the temperature and humidity inside the second
iner tank 102 are set at 130° C. and 85%, respectively. Then,
in case ol an electronic circuit given as the sample S, the
operation of the electronic circuit as the sample S 1s tested
under the condition of the set temperature and set humadity.
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When the temperature of the gas inside the second inner
tank 102 rapidly increases by the heat generated from the
sample S or for other reasons, for example, temperature con-
trol only by the heater 141 and the driving motor 132 may be
isuificient for the level of this temperature increase 1n the
second inner tank 102. For avoiding this situation, the cooling
umt 142 cools the first inner tank 101 under control of the
controller 150 based on the signals from the dry-bulb tem-
perature sensor 121 when predetermined conditions concern-
ing the temperature of the gas imnside the second inner tank 102
are satisfied.

When the cooling unit 142 starts cooling the first inner tank
101, the inside gas 1s mitially cooled from the vicinity of the
inner surtace of the first inner tank 101. When the temperature
of the gas in the vicinity of the inner surface of the first inner
tank 101 reaches the dew point, condensation 1s produced on
the mner surface of the first inner tank 101. When the set
temperature and set humidity are 130° C. and 85%, for
example, the dew point of the gas satisiying these set condi-
tions becomes 124.6° C. In this case, the difference between
the set temperature of 130° C. and the dew point 1s small, and
thus the temperature easily reaches the dew point by cooling.
When the condensation 1s produced on the inner surface of the
first inner tank 101, most of the condensed dew flows down-
ward along the inner surface of the first inner tank 101. In this
case, a part of the dew flows into the humidifying water of the
humidifier 143. Heat robbed from the gas inside the first inner
tank 101 as a result of cooling by the cooling unit 142 1s
supplemented by heat generated through condensation thus
produced. Thus, the gas inside the first inner tank 101 1s not
casily cooled, and the gas inside the second inner tank 102
provided further inside the first inner tank 101 1s more diifi-
cult to be cooled.

For overcoming these drawbacks, the test chamber 100
according to this embodiment has protruding portions 111
protruding from the iner surface of the first inner tank 101.
FIG. 2 1s a cross-sectional view of the test chamber 100 taken
along a line II-1I 1n FIG. 1. As 1llustrated 1n FIG. 2, the first
inner tank 101 has the plural protruding portions 111. Each
upper end of the protruding portions 111 1s fixed to the inner
surface of the first inner tank 101, and each lower end 1s
disposed 1n the vicimity of the outer surface of the second
inner tank 102. Each of the protruding portions 111 has a flat
plate shape. All the protruding portions 111 disposed on the
lett half of the first inner tank 101 extend from the inner
surface of the first inner tank 101 toward the lower right 1n
FIG. 2. All the protruding portions 111 disposed on the right
half of the first inner tank 101 extend from the inner surface of
the first inner tank 101 toward the lower leit 1n FIG. 2.

Stainless steel wools 112 are fixed to the outer surface of
the second 1nner tank 102. Stainless steel wools 112 functions
a blocking portion of this invention. The stainless steel wools
112 are disposed between the lower ends of the protruding
portions 111 and the second inner tank 102.

A heat pipe 113 1s soaked 1n the humiditying water W
stored in the humidifier 143. The heat pipe 113 1s a bar-shaped
component made of stainless steel or other material. One end
of the heat pipe 113 1s disposed above the left end of the
humidifier 143 as illustrated in FIG. 1. The other end of the
heat pipe 113 contacts the inner bottom surface of the humaidi-
fier 143. Thus, a part of the heat pipe 113 from one end to a
predetermined length 1s exposed to above from the liquid
level of the humidifying water W, and the remaining part 1s
soaked below the liquid level.

Based on the structure discussed above, the second inner
tank 102 1s cooled 1n the following manner at the time of
actuation of the cooling unit 142. When the first inner tank
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101 1s cooled, condensation 1s produced on the inner surface
of the first inner tank 101. Condensed dew D generated by this

condensation tlows along the inner surface of the first inner
tank 101 and the protruding portions 111 toward the outer
surface of the second 1nner tank 102 1n the direction indicated
by a white arrow 1n FIG. 2. The condensed dew having
reached the outer surface of the second inner tank 102 1s
retained by the stainless steel wools 112. The gas inside the
second iner tank 102 has a high temperature higher than the
set temperature due to heat generated from the sample S or for
other reasons. When the set temperature and set humidity are
130° C. and 85%, for example, the temperature of the gas
inside the second 1nner tank 102 1s higher than 130° C. In this
condition, the dew point 1s 124.6° C. Since the temperature of
the second inner tank 102 1s higher than the dew point, the
condensed dew retained by the stainless steel wools 112
evaporates. At this time, heat of vaporization i1s robbed from
the outer surface of the second 1nner tank 102 by the evapo-
ration of the condensed dew. As a result, the second inner tank
102 1s cooled, and the gas inside the second inner tank 102 1s
cooled accordingly.

When the set temperature and set humidity are 130° C. and
85%, for example, the water temperature of the humidifying
water 1s set at 124.6° C. Since the temperature of the humaidi-
tying water W 1s set at the set temperature or lower, a large
difference 1s produced between the temperature of the gas and
the temperature of the humiditying water W when the tem-
perature of the gas 1nside the second 1inner tank 102 increases
to a temperature higher than the set temperature. Thus, heat
moves from the gas to the humidifying water W through the
heat pipe 113 1n the direction indicated by a black arrow in
FIG. 1. As aresult, the gas inside the second inner tank 102 1s
cooled.

As apparent from above, the condensed dew produced on
the 1inner surface of the first inner tank 101 1s guided through
the protruding portions 111 toward the second imnner tank 102,
and 1s evaporated on the outer surface of the second inner tank
102. Thus, even when condensation 1s produced on the 1nner
surface of the first inner tank 101, the second 1nner tank 102
1s cooled by evaporation of the condensed dew on the outer
surface of the second inner tank 102. As a result, the gas inside
the second 1nner tank 102 1s cooled.

In addition, the stainless wools 112 hold the condensed
dew having reached the outer surface of the second inner tank
102. In other words, the stainless steel wools 112 have a
function of blocking the downward flow of the condensed
dew along the outer surface of the second inner tank 102.
Thus, the condensed dew 1s easily retained on the outer sur-
face of the second inner tank 102, and easily evaporated on the
outer surface of the second inner tank 102 before the con-
densed dew flows downward to a lower position of the second
inner tank 102.

Moreover, since the heat of the gas inside the first inner
tank 101 and the second 1nner tank 102 moves to the humidi-
tying water W through the heat pipe 113, the gas 1s easily
cooled. It 1s preferable that the heat pipe 113 1s made of
material having highest possible thermal conductivity. How-
ever, any material may beused as long as 1t has higher thermal
conductivity than that of the gas inside the first inner tank 101
and second inner tank 102.

Modified Example

While the preferred embodiment according to the mven-
tion has been described herein, the invention may be practiced
otherwise without departing from the scope of the invention.
For example, the following modifications may be made.
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While the stainless steel wools 112 are used 1n this embodi-
ment, any part or structure may be used as long as it can block
the downward flow of the condensed dew on the outer surface
of the second inner tank 102. For example, a plurality of
grooves extending in parallel with the horizontal direction
may be formed on the outer surface of the second 1nner tank
102 to enlarge the surface area of the outer surface. When a
component for retaining the condensed dew such as stainless
steel wools 112 1s used, it 1s preferable that the component 1s
made ol material having the highest possible thermal conduc-
tivity.

While the bar-shaped heat pipe 113 1s used 1n this embodi-
ment, a component having a shape different from the bar
shape may be used. For example, a component having a shape
different from the shape of the heat pipe 113 and adjusted
such that one end of the component reaches the iside of the
second mner tank 102 with the other end soaked in the
humidifying water W may be used as a member having the
same function as that of the heat pipe 113.

According to this embodiment, the test chamber 100 has
both the protruding portions 11 and the heat pipe 113. How-
ever, the test chamber 100 need not have both the protruding
portions 111 and the heat pipe 113 but may contain either one
of these. Since the protruding portions 111 and the heat pipe
113 are components functioning imndependently from each
other, the advantage that the gas inside the second inner tank
102 1s easily cooled can be offered when only either the
protruding portions 111 or the heat pipe 113 1s equipped.

While the cooling unit 142 1s contained in the test chamber
100 in this embodiment, the environmental test apparatus 1
need not include the cooling unit 142. In this case, the test
chamber 100 1s cooled by using a certain cooling unit from the
outside of the outer tank 103 or a component (not shown)
covering the outside of the outer tank 103 1s removed from the
outer tank 103 so as to promote heat release from the test
chamber 100 at the time of excessive increase 1n the tempera-
ture of the gas inside the second 1nner tank 102.

While this mvention has been described 1n conjunction
with the specific embodiments outlined above, it 1s evident
that many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the preferred
embodiments ol the invention as set forth above 1s intended to
be 1llustrative, not limiting. Various changes may be made
without departing from the spirit and scope of the invention as
defined 1n the following claims.

What 1s claimed 1s:

1. An environmental test apparatus, comprising;:

a tank unit which selectively switches between state where
inside gas 1s sealed and state where the mside gas is
opened to the outside;

a passage unit which, within the tank unit, defines an inter-
nal passage space for accommodating therein a test
piece, the internal passage space being extended from an
opening formed at one end to another opening formed at
another end;

a heater which heats gas inside the passage unit;

a heater controller which controls the heater such that the
temperature of the gas inside the passage unit becomes a
set temperature;

a humadifier which contains humidifying water and heats
and evaporates the humidifying water to humidify the
gas mnside the passage unit;

a humidifier controller which controls the humidifier to
heat the humidilying water to a temperature lower than
the set temperature such that the humidity of the gas
inside the passage unit becomes a set humidity; and
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a heat conducting member made of material having higher
thermal conductivity than that of gas 1inside the tank unit
or the passage unit, the heat conducting member being
disposed such that one end of the heat conducting mem-
ber 1s positioned 1n the gas inside the tank unit and the
other end 1s positioned 1n the humidilying water con-
tained 1n the humidifier,

wherein the heat conducting member and a water surface of
the humiditying water intersect at a position apart from
the other end relative to a direction along the water
surface of the humiditying water.

2. The environmental test apparatus according to claim 1,

wherein a part of the heat conducting member 1n the humaidi-
tying water 1s extended 1n an oblique angle with respect to the

water surface.

3. The environmental test apparatus according to claim 1,

wherein the passage unit has two openings, and a fan which
generates an airflow that flows from a space between a
wall of the tank unit and the passage unit into the passage
unmit via one of the openings and tlows out from the
passage unit via the other one of the openings; and

wherein a portion of the heat conducting member outside
the humiditying water 1s disposed in the path of the
airflow generated by the fan.

4. An environmental test apparatus, comprising;:

a tank unit which selectively switches between state where
inside gas 1s sealed and state where the inside gas 1s
opened to the outside;

a passage unit which, within the tank unit, defines an inter-
nal passage space for accommodating therein a test
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piece, the internal passage space being extended from an
opening formed at one end to another opening formed at
another end;

a heater which heats gas inside the passage unit;

a heater controller which controls the heater such that the
temperature of the gas inside the passage unit becomes a
set temperature;

a humadifier which contains humidifying water and heats
and evaporates the humidifying water to humidify the
gas mnside the passage unit;

a humidifier controller which controls the humidifier to
heat the humidifying water to a temperature lower than
the set temperature such that the humidity of the gas
inside the passage unit becomes a set humidity;

a heat conducting member made of material having higher
thermal conductivity than that of gas inside the tank unit
or the passage unit, the heat conducting member being
disposed such that one end of the heat conducting mem-
ber 1s positioned in the gas inside the tank unit and
outside the humidifier and the other end is positioned 1n
the humiditying water contained 1n the humidifier; and

a fan configured, at the passage, to generate an airtflow that
flows from a space between a wall of the tank unit and
the passage unit into the passage unit via the opening at
the one end and flows out from the passage unit via the
opening at the other end,

wherein a portion of the heat conducting member outside
the humidifier 1s disposed 1n the path of the airflow
generated by the fan.
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